All solvents and reagents were purchased commercially and, unless otherwise noted, were used without further purification. Microanalyses were carried out at the Anorganisch-Chemisches Institut of the University of Zurich. Elemental analyses (for boron and Zn) were performed at Mikroanalytisches Labor Pascher, Remagen, Germany. Fourier transform infrared (FT-IR) spectra were recorded on a Perkin-Elmer BXII spectrometer with KBr pellets. The solid state UV/vis spectra were recorded on a Perkin-Elmer Lambda 650S spectrometer. The powder XRD patterns were obtained with a Bruker D8
preparation, [S1,S2] replacing the natural abundance 2-aminoterephthalic acid ( 14 N natural abundance of 99.6%) [S3] with the analogous 2-aminoterephthalic acid-15 N. [S4] The source for B2H6 and B2D6 was prepared by the metathesis reaction of LiBH4 and LiBD4, respectively, with ZnCl2 in a Spex 8000 M mixer mill for 90 min according to the following reactions. [S5] 5LiBH4 + 2ZnCl2 → LiZn2(BH4)5 + 4LiCl 5LiBD4 + 2ZnCl2 → LiZn2(BD4)5 + 4LiCl
General synthesis procedure for the preparation of Amino Borane Substituted MOFs:
In a typical synthesis procedure the activated DMOF-1-NH2 and the diborane source were charged (inside an Ar glovebox) in two different heatable stainless steel (SS) vessels connected by gas-permeable SS tubing ( Figure S1 ). After closing the setup under Ar atmosphere the whole unit was taken out from the glovebox and connected to a system equipped with a pressure gauge and vacuum/Ar line. Following evacuation of the system the diborane source was heated at 140 C to facilitate the formation of H2/B2H6 gas mixture and to react with the activated DMOF-1-NH2. After a specific reaction time the whole system was evacuated and transfer to the glovebox under vacuum to collect and preserve the amino borane modified materials. 
DMOF-1-NH2BD3:
Heating the diborane (with deuterium enriched) source (190 mg) at 140 °C (initially 25 to 140 C @5 C/ min) for 5-7 min results H2/B2D6 pressure of 1.9 bar in the system. This generated H2/B2D6 gas mixture was allowed to expose to activated DMOF-1-NH2 (0.165 mg, 2.66 × 10 -4 mmol) at room temperature for 15 minutes followed by evacuation to remove excess B2D6 and H2. After this time the whole unit was taken inside the glovebox under vacuum and the vessel containing modified MOFs was open to collect and preserve the material at temperature  -10 C. Yield: 168.72 mg (100% with respect to DMOF-1-NH2).
DMOF-1-15 NH2BD3:
Heating the diborane (with deuterium enriched) source (195 mg) at 140 °C (initially 25 to 140 C @5 C/ min) for 5-7 min results H2/B2D6 pressure of 2 bar in the system. This generated H2/B2D6 gas mixture was allowed to expose to activated DMOF-1-15 NH2 (0.177 mg, 2.93 × 10 -4 mmol) at room temperature for 15 minutes followed by evacuation to remove excess B2D6 and H2. After this time the whole unit was taken inside the glovebox under vacuum and the vessel containing modified
MOFs was open to collect and preserve the material at temperature  -10 C. Yield: 186.0 mg (100% with respect to DMOF-1-15 NH2). Figure S1 . Schematic representation of the basic experimental set-up for diborane reaction with activated DMOF-1-NH2. The scheme shows the diborane source that is connected with the activated sample in a closed system. The pressure is monitored by pressure gauge P. Figure S2 . Photo of activated DMOF-1-NH2 (left); freshly prepared DMOF-1-NH2BH3 (middle) obtained after 15 min of B2H6/H2 (2 bar) exposure and the material obtained after storing freshly prepared DMOF-1-NH2BH3 at room temperature for 1 week (right).
Figure S3
. Solid-state UV/vis spectra of DMOF-1-NH2 and its amino borane substituted products measured in the 200 -800 nm range.
Section S3 Crystallographic Data

Single-crystal X-Ray Diffraction Studies on Guest Free DMOF-1-NH2
Single-crystal X-ray diffraction data were collected at 183(1) K on a Xcalibur diffractometer (Rigaku OD formerly Agilent Technologies, Ruby CCD detector) using a single wavelength Enhance Xray source with MoKα radiation, λ = 0.71073 Å. [S6] The selected suitable single crystal was mounted using polybutene oil on the top of a glass fiber fixed on a goniometer head and immediately transferred to the diffractometer. Pre-experiment, data collection, analytical absorption corrections, [S7] and data reduction were performed with the Oxford program suite CrysAlisPro. [S6] Using Olex2, 4 the structure was solved with the SHELXS97 [S8] using direct methods and refined with the SHELXL2016/6 program package [S9] by full-matrix least-squares minimization. The program PLATON [S10] was used to check the result of the The unweighted R-factor is R1 = (Fo -Fc)/Fo; I > 2σ(I) and the weighted R-factor is wR2 = {w(Fo 2 -Fc 2 ) 2 /w(Fo 2 ) 2 } 1/2 . Section S5 IR Spectra Figure S8 . FTIR spectra: freshly prepared DMOF-1-15 NH2BD3 (black) and as-prepared DMOF-1-NH2BH3 (red).
Section S6 ICP-AES Analysis
Method:
Dissolution with HNO3 and HCl under pressure at 180 °C Detection by ICP-AES (inductively coupled plasma-atomic emission spectroscopy); instrument:
iCAP 6500 by Thermo Instruments
Boron measured at 249.7 nm 
Section S7 GC-TCD Analysis
Gas chromatograms were recorded using a Varian CP-3800 gas chromatograph with argon as the carrier gas and a 3 m × 2 mm packed molecular sieve 13X80-100. The gas flow was set to 20 mL/min. The oven was operated isothermally at 100 °C. Typically 100 μL gas samples were injected using a Hamilton (1825 RN) gas tight micro liter syringe. The gases were detected using a thermal conductivity detector (Varian) operated at 150 °C (retention times are 1.25, 1.83 and 2.43 min for H2, O2, and N2, respectively.
Sample Preparation:
About 100 mg of the freshly prepared DMOF-1-NH2BH3 was enclose in a septum sealed schlenk tube and the gaseous product released at different temperatures (24 °C, 50 °C and 77 °C) accumulate over a period of 1 h at three different temperatures. After this period the gaseous samples were analyzed by GC-TCD (Gas Chromatography -Thermal Conductivity Detector) under the above noted experimental conditions. Figure S9 . Gas chromatogram of gas evolved from the freshly prepared sample of DMOF-1-NH2BH3 kept at room temperature for 1 hour (blue), sample of DMOF-1-NH2BH3 heated at 50 °C (red) and 75 °C (black) under Ar atmosphere.
Section S8 Computational Detail
The simulations reported in the present work are based on electronic structure calculations using Kohn-Sham density functional theory within the Gaussian and plane waves (GPW) [S11] formalism as implemented in the Quickstep module in the CP2K program package. [S12] Dual-space pseudopotentials [S13] , [S14] are used to describe the interaction of valence electrons with atomic cores. The pseudopotentials for boron, nitrogen, carbon, oxygen and hydrogen assume 3, 5, 4, 6 and 1 valence electrons, respectively. The atomic cores of the Zn are described by potentials with 12 valence electrons. The Gaussian basis sets chosen for this type of application are of the molecularly optimised type. [S15] The PW energy cutoff for the expansion of the density is set at 500 Ry. The Brillouin zone is sampled only at the Γ point. Exchange and correlation are calculated with the Perdew-Burke-Ernzerhof (PBE) [S16] , [S17] GGA exchange-correlation (XC) functional. The XC functional and its derivative are calculated on the same uniform density grid that is used for the Hartree energy and is defined by the choice of the PW energy cutoff. In order to improve the accuracy in the evaluation of the XC terms, a nearest neighbour smoothing procedure is used. Long-range dispersion interactions are been computed using the nonlocal PBE-rVV10 [S18] formalism. More details about these techniques are illustrated in Reference [S11] Figure S16 . An energy profile diagram of the second chemical hydrogen release from amino borane unit (VI, Figure 4 ) to generate imino borane moiety (-NBH) (XII) associating with a very high increase in energy (about 42 kcal/mol) in comparison to the amino borane (VI) containing species. The borinium borate state (X) is of artificially high energy and does not correspond to a transition state on the reaction path c, since it was calculated with separated ions in the MOF cage suffering from the effect of unscreened charge, while the calculations of all the neutral, non-ionic species, like the BH3 adduct of the amino borane (IX), the BH5 (XI) species and the imino borane (XII) are expected to be well-reproduced in their energies.
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